INTRODUCTION
For a semiconductor detector such as γ-ray spectrometer, the energy resolution FWHM (denoted by R) is important as it measures the detector's ability to distinguish the closelyspaced lines. In a measuring system, FWHM is actually the overall R, i.e.
This R overall is affected by some factors including R statistical (statistical fluctuation in the process of charge collection) and R noise (the preamplifier noise in the process of output signal from the detector) (Eichholz & Poston 1979; Mann et al. 1980) . R overall can be expressed mathematically as the quadrature sum of R statistical and R noise , i.e. 
The value of R 2 statistical in (2) can be calculated from
where K is the conversion from the standard deviation to the peak width (FWHM) for a Gaussian shaped peak (= 2.35); ∈ is the mean energy deposited per ion pair formed (=2.9×10 -3 keV/ion pair); E is the energy (in keV) where the FWHM is obtained; and F is the Fano factor (=0.13) (Alig et al. 1980; Eichholz & Poston 1979; Samat & Evans 1990 
In the experimental situation, (1) and (3) are more of practical value because they contain the two measurable FWHM and E quantities, respectively, in comparison with (2). The latter now can be represented by
Note that the form of (5) . If Δm is the uncertainty in m, the Fano factor and its uncertainty may be calculated (Priharti et al. 2013; Samat & Evans 1992) from
Consequently, if Δc is the uncertainty in c, the R noise and its uncertainty may be calculated from
The purpose of the present work was to determine experimentally this Fano factor F of a HPGe detector and compared it with the well documented value of 0.13. The pre-amplifier noise R noise will also be determined.
MATERIALS AND METHODS
The experiments were carried-out at the ) were obtained from one set of experiment. In this work, ten sets of (x, y) data pairs were acquired. It is for the purpose of checking the reproducibility of the system in yielding the results. To get the values of m ± Δm and c ± Δc from the straight-line equation, the present work has developed the Excel program based on the least square method (Samat & Evans 1991) . This program is also capable of evaluating the goodness-of-fit test by yielding the value of χ 2 calculated. For this χ 2 calculation, the program requires the input of the uncertainty in the FWHM. This was made possible by calculating the standard error of estimate derived from the value of Δm and Δc (Lind 1996) . . All these values were obtained from the graph of (FWHM) 2 versus E. As an example, for the first set of data pairs, this is shown by the solid line of Figure (only shown in Table 1 ); whereas broken line equation was obtained from (4). The F and R noise values were then calculated from the graph gradient m (6), from the graph intercept at the y-axis c (7) of the solid line, respectively.
RESULTS AND DISCUSSION
The accuracy of the determined values (F and R noise ) depends of the goodness-of-fit of the solid line to the experimental data. This is indicated by the χ 2 cal value in Table 1 . It is obvious that the fitting of the line to the data is good, as for the ten data sets, all graphs satisfy the condition set-up by the χ 2 statistics for 5 d.o.f. Therefore the values of m and c that were yielded by the program are accurate.
For all the ten data sets in Table 1 , it can be seen that the range values of F and R noise are 0.120 to 0.126 and 7.264 to 7.912, respectively. When the mean value was calculated, the F value (0.123±0.003) is in agreement within 95% confident interval and differs only slightly by 5.01% with the mostly quoted value of 0.13 for semiconductor detectors. Comparison of this value with other previously reported values is given in Table 2 . On the other hand, the R noise (7.448±0.011) × 10 −1 keV is in agreement with typical manufacturer's specification.
It can also be seen in Figure 1 that the two lines (solid and broken) are parallel within 95% confidence interval of the experimental error, which concludes that there is a constant R noise ((7.448±0.011) × 10 -1 keV). This noise is probably caused by the defect in electronic performance of semiconductor detector such as from the power supply, effect of thermal in the detector and direct current in semiconductor crystal. Note that this value is lower than the previously reported value by Samat and Evans (1990) ((R noise = 1.09±0.04) × 10 -1 keV). This progress is perhaps due to the recent technology improvement in the electronic components of a semiconductor detector.
CONCLUSION
The Fano factor and pre-amplifier noise for HPGe gamma spectrometer has been experimentally determined and both values are in agreement with the published results. ) versus gamma-ray energy E for a HPGe detector for the first data set
